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fMRIThe neurobiological underpinnings of effort-related monetary reward processing of gambling disorder have not
been previously studied. To date neuroimaging studies lack in large sample sizes and as a consequence less atten-
tion has been given to brain reward processing that could potentially be attributed to comorbid conditions such
as depressive mood state. We assessed monetary reward processing using an effort-dependent task during
3 tesla functional magnetic resonance imaging. We investigated a large sample of male, right-handed, slot-
machine-playing disordered gamblers (DGs; N= 80) as well as age- and smoking-matched male healthy con-
trols (HCs; N= 89). Depressive symptoms were assessed using the Beck Depression Inventory (BDI). DGs and
HCs were divided into subgroups (“high” and “low”) based on their BDI scores. Effort-related monetary reward
processing did not differ between the complete groups of HCs and DGs. Brain activation during receipt of mon-
etary reward though revealed a signiﬁcant Group × BDI interaction: DGs with higher BDI scores compared to
DGs with lower BDI scores showed greater brain activity in the right insula cortex and dorsal striatum while
no differences were observed for HCs with higher versus lower BDI scores. Our results suggest that effort-
related aspects of monetary motivation, i.e. when monetary output is tied to performance, are not altered in
DG. Additionally, our ﬁndings strengthen the need for subgroup comparisons in future investigations of the dis-
order as part of a personalized medicine approach.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Gambling disorder (GD) is a common psychiatric disorder, with life-
time prevalence estimates of almost 1.0% for Germany (Erbas et al.,
2012) and between 0.2% and 3.5% worldwide (Kessler et al., 2008;
Stucki et al., 2007). GD is characterized by persistent and recurrent
maladaptive gambling behaviors. These include loss of control over
gambling as well as preoccupation with gambling or with obtaining
money with which to gamble (continuously or periodically). In addi-
tion, disordered gamblers (DGs) exhibit irrational thinking and failure
to change their behavior despite adverse consequences (American
Psychiatric Association, 2003). GD (referred to as pathological gambling
in the DSM-IV) has been recently reclassiﬁed in the 5th DSM edition
under the category of “Addictions and Related Disorders” because of(M. Fauth-Bühler),
in@zi-mannheim.de
. Lemenager),
n@zi-mannheim.de (K. Mann).
ually to this work.
. This is an open access article undersimilarities to substance use disorder (SUD) (i.e. genetic predisposition,
treatment response, clinical characteristics, cognitive deﬁcits and un-
derlying neurobiological mechanisms; e.g. Petry et al., 2006; Potenza
et al., 2006; Shaffer et al. 2004; Goudriaan et al., 2004).
Neuroimaging studies evaluating monetary-reward processing in
DGs have found altered brain responses in DGs during processing of
gambling-associated stimuli (cue-reactivity) (e.g. Crockford et al.,
2005; Potenza et al., 2003b; van Holst et al., 2012a; Goudriaan et al.,
2010); risky decision making (e.g. Tanabe et al., 2007); inhibitory
control (Potenza et al., 2003a); presentation of non-monetary re-
ward, such as personally relevant stimuli (e.g. de Greck et al.,
2010); probability and delay discounting of monetary reward (e.g.
Miedl et al., 2012) as well as processing of monetary gains and losses
(Miedl et al., 2012; Sescousse et al., 2013; Miedl et al., 2010; Reuter
et al., 2005). These studies evaluatedprobability- or delay-modulated ef-
fects on monetary-reward processing or used gambling-related tasks in-
volving risk or uncertainty elements. Monetary reward processing has
been shown to be altered not only by delay and risk costs in healthy indi-
viduals (e.g. Prevost et al., 2010; Burke et al., 2013) but also by physical ef-
fort required to obtain the reward (i.e. motivation) (e.g. Bühler et al.,
2010). Outside a gambling context, ﬁnancially motivated behaviors arethe CC BY-NC-ND license
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To date it is not knownwhether DGs show a deﬁcit in such effort-related
aspects of monetary motivation.
GD is often accompanied by other mental disorders, with mood dis-
orders and substance use disorders (SUD) being themost frequently oc-
curring comorbid psychiatric Axis I disorders (Kessler et al., 2008; Petry
et al., 2005). The majority of studies have found 12-month comorbid
mood disorders (mainly depression) to be around 50% (Kessler et al.,
2008; Petry et al., 2005; Kim et al., 2006). Several lines of evidence sug-
gest that DGs suffering from depressive mood state might not have two
discrete and unrelated conditions, but should instead be considered as
an important subgroup of DGs. There are several points supporting
this reasoning. First, depressive symptoms have been successfully
used to predict both the urge to gamble and the duration of gambling
in DGs (Romer-Thomsen et al., 2009), indicating DGs with more severe
depressive mood state to have more severe gambling symptoms. Sec-
ond, GD andmajor depression have been found to have a shared genetic
provenance in men, suggesting common etiological mechanisms
(Potenza et al., 2005). Third, a single conceptual model that applies uni-
versally to all DGs can hardly account for the heterogeneity observed in
GD (Milosevic et al., 2010; Blaszczynski and Nower, 2002).
To our knowledge neuroimaging studies to date apart from lacking
in large sample sizes (usually N b 20; e.g. Balodis et al., 2011, 2012;
Goudriaan et al., 2010; Crockford et al., 2005; Potenza et al., 2003a;
Miedl et al., 2012; vanHolst et al., 2012a; de Ruiter et al., 2012; Choi
et al., 2012; Habib et al., 2010; de Ruiter et al., 2009; Reuter et al.,
2005) they also do not account for brain reward processing alterations
that could potentially be attributed to comorbid conditions such as
depressive mood state. Neuroimaging studies onmonetary reward pro-
cessing in depression alone show differences in depressed versus non-
depressed participants especially for receipt formonetary reward (feed-
back phase) (Knutson et al., 2008; Pizzagalli et al. (2008)). For example,
ﬁndings indicate blunted activation in depression at receipt for mone-
tary reward in the left putamen but not for the anticipation phase
(Pizzagalli et al. (2008)). In a similar fashion, another investigation
found decreased brain activation including parts of the frontal cortex
as well as the putamen and insula in the patient group (Knutson et al.,
2008). It remains unknown how and whether comorbid depressive
symptoms in DGs impact reward processing.
The aim of the current study was to assess effort-dependent mone-
tary reward processing in a large group of DGs and HCs using an
instrumental-motivation fMRI task without any gambling-like features
(the task involved no chance or uncertainty). Assessing whole brain
activation we hypothesized that gamblers will show altered reward
processing brain activity compared to healthy controls. Additionally,
we examined the impact of depressive mood state in a statistically-
powered way, acknowledging that way the heterogeneity of DG (e.g.
Milosevic et al., 2010; Blaszczynski and Nower, 2002). Since DGs with
comorbid depressive symptoms represent a distinct subgroup of GD
characterized by elevated gambling severity, we anticipated ﬁnding
neurobiological brain responses that would be speciﬁc to elevated
depressive mood in particular for feedback of monetary reward as
shown by studies on depression.
2. Material and methods
2.1. Subjects
The assessment took place within the scope of the Baden-
Württemberg study on GD, which was ﬁnancially supported by the
Ministry for Work and Social Affairs (Ministerium für Arbeit und
Sozialordnung, Familien und Senioren), Baden-Württemberg, Germany.
DGs were either recruited from three different centers in Germany (Cen-
tral Institute ofMentalHealth inMannheim(CIMH) (inpatient treatment/
day clinic), Münzesheim and Münchwies (inpatient treatment)). HCs
were recruited using advertisements in local newspapers as well asfrom a departmental pool of volunteers. The assessment took place at
the CIMH. Data (neuroimaging, socio-demographic and psychometric)
from 80 DGs and 89 HCs were included in the statistical analysis. All par-
ticipants were male and right handed according to the Edinburgh Hand-
edness Inventory (Edinburgh Handedness Inventory; Oldﬁeld et al.,
1971). Participants needed to fulﬁll the standard requirements for fMRI
assessments (no metal implants, pacemaker, etc.). All participants3 vision
was either normal or corrected to normal. Inclusion criteria for DGs were
a diagnosis of pathological gambling according to the DSM-IV criteria (≥5
afﬁrmative answers) and a minimum score of 5 on the South Oaks Gam-
bling Screen [(SOGS (Lesieur and Blume, 1987)]. In the manuscript we
will make use of the newDSM-V terminology DGs as the label “patholog-
ical” is a pejorative term that only reinforces the social stigma of being a
problem gambler. Subjects were only assigned to the HC group if they
scored 2 or below on the SOGS. Exclusion criteria that applied to both
groups includedpositive urinedrug screenon thedayof scanning, current
use of psychotropicmedications, anymajor physical disorders, acute psy-
chosis aswell as inadequate German-language communication skills. HCs
were excluded if they were diagnosed with any Axis I psychiatric disor-
der, according to DSM-IV (within the past 12months, except nicotine de-
pendence and speciﬁc phobias), using a psychiatric interview (SCID-I).
Detailed face-to-face interviews were conducted to acquire demographic
information and gambling-related behavioral characteristics. Psychiatric
disorders including SUD were diagnosed based on the DSM-IV criteria
as part of detailed clinical assessments using SCID-I. A new variable was
created for the purposes of our analysis including yes/no answers.We ad-
ministered the South Oaks Gambling Screen (SOGS; Lesieur and Blume,
1987) and the Yale–Brown Obsessive Compulsive Scale adapted for Path-
ological Gambling (PG-YBOCS) (Pallanti et al., 2005) to assess gambling
severity. Depressive mood state was assessed using the Beck Depression
Inventory (BDI IA; Beck et al., 1961). Anxiety was measured using the
State Trait Anxiety Inventory (STAI; Spielberger et al., 1993). In addition,
the Fagerström Test for Nicotine Dependence (Heatherton et al., 1991)
was used to investigate smoking severity. A summary of participants3
scores on demographic and clinical measures is provided in Table 1. The
study was approved by the ethics committee of the Mannheim Medical
Faculty of Heidelberg University (Ref: 2009-207N-MA), and all partici-
pants provided written informed consent prior to participating.
2.2. Study design/subgroup deﬁnition
We deﬁned subgroups of DGs and HCs using a median split of the
overall BDI score. Considering that the HCs3 BDI scores showed no clin-
ical relevance to depression, a median split was selected as an appropri-
ate approach compared to using clinical/non-clinical BDI cut-off scores.
The median BDI score for the patient group was 12. DGs with a BDI b 12
were assigned to the “BDI low” group (N=37; 7.1± 3.2) and DGswith
a BDI≥ 12 were assigned to the “BDI high” group (N=43; 20.9± 7.6).
The median BDI score for the control group was 4. HCs with a BDI b 4
were assigned to the “BDI low” group (N = 41; 1.8 ± .8) and HCs
with a BDI≥ 4 to the “BDI high” group (N=48; 8.1 ± 7). The distribu-
tion of the BDI scores in HCs and DGs is provided in the supplementary
material (see Fig. S1). Please note that the average score for the BDI high
group is in a lower range than the usual clinical values.
2.3. Psychometric data analysis
Psychometric and behavioral data were analyzed using SPSS (ver-
sion 20.0, IBMCorp., Somers, NY, USA).Weused t-tests to reveal any dif-
ferences in demographic and clinical indicators between HCs and DGs,
as well as DGs with “high” vs. “low” BDI scores (Table 1). The relation-
ships between BDI scores and SOGS scores, YBOCS measures (sum,
thought, impulses) as well as gambling duration were assessed using
Pearson3s correlation analysis. The level of signiﬁcance was again set
to p b 0.05 uncorrected. The choice of an uncorrected thresholdwas jus-
tiﬁed by the exploratory nature of this analysis.
Table 1
Group comparisons of demographic and clinical characteristics.
HCs
(N = 89)
DGs
(N = 80)
DGshigh BDI (N = 43) DGslow BDI
(N = 37)
Sign.a
Age (years) 36.2
(9.4)
37.4
(9.1)
t = –.84
p = .403
37.2
(9.5)
37.6
(8.7)
t = .18
p = .86
Depts (€) 787
(742)
28.828
(47.227)
t = –5.52*
p b .0005
33.962
(50.063)
23.544
(44.236)
t = –.92
p = .36
SOGS .2
(.5)
11.1
(3)
t = –33.48*
p b .00025
11.7
(2.7)
10.4
(3.3)
t = –1.73*
p = .044
FTND .9
(2.1)
4.5
(2.8)
t = –9.19*
p b .0005
4.8
(2.6)
4.2
(2.9)
t = –.9
p = .38
Mean # of hours played per day 0 4.5
(2.4)
t = –17.78*
p b .00025
5.2
(2.4)
3.8
(2.2)
t = –2.49*
p = .0075
Max # of hours played per day 0 11
(5.8)
t = –17.97*
p b .00025
13.1
(6.3)
8.8
(4.2)
t = –3.30*
p = .001
PG-YBOCS: sum 2.1
(3.3)
18.7
(8.8)
t = –16.46*
p b .00025
22.5
(7.1)
14.6
(8.6)
t = –4.17*
p b .00025
PG-YBOCS: thought 0.9
(1.7)
9.1
(4.3)
t = –16.31*
p b .00025
10.8
(3.9)
7.2
(3.9)
t = –3.81*
p b .00025
PG-YBOCS: impulse 1.2
(1.8)
9.7
(4.8)
t = –15.48*
p b .00025
11.6
(3.8)
7.7
(4.9)
t = –3.74*
p b .00025
Anxiety (STAI) 34.3
(7.9)
45.1
(12)
t = –6.95*
p b .0005
51.5
(10.8)
37.5
(8.6)
t = –6.34*
p b .0005
Depression (BDI) 5.2
(4.9)
14.5
(9.1)
t = –8.36*
p b .0005
20.9
(7.6)
7.1
(3.2)
t = –10.23*
p b .0005
DGs: Disordered gamblers; HCs: Healthy controls; SOGS: SouthOaks Gambling Screen; PG-YBOCS: Yale–BrownObsessive Compulsive Scale adapted for Pathological Gambling; STAI: State
Trait Anxiety Inventory; BDI: the Beck Depression Inventory; FTND: Fagerström Test for Nicotine Dependence (Heatherton et al., 1991);
a Sign.: Signiﬁcance: two-sample t-test (one-sided for variables with a-priori hypotheses, including SOGS, YBOCS,mean/max# of hours played per day); standard deviation is shown in
parenthesis.
* p b 0.05.
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During the fMRI session, participants completed an effort-dependent
event-related instrumental-motivation task (Bühler et al., 2010; Fig. 1).
The task is designed to measure brain activity to stimuli predicting in-
creasing levels of monetary reward, together with behavioral assessment
of subsequent instrumental responding to obtain the respective reward
on a trial-by-trial basis. The motivational task used in the current investi-
gation has been adopted from the Bühler et al. (2010) study. The use of
the particular task allows for brain activity measurement for stimuli
predicting monetary reward. There is also behavioral assessment of suc-
cessive instrumental responding so as to obtain the reward on a trial-
by-trial basis. Physical effort is thus used as a measure of motivation.
The current version of the task consisted of 48 trials with 4 reward levels
presented 12 times each, displayed in a pseudorandom order with total
task duration of 15:59 min. Participants, prior to entering the scanner,
had to complete a practice session consisting of eight trials to learn how
to perform the task. The scanning session would then begin with a test
run of eight trials to assess the individual maximum response speedunder scanning conditions. Thiswas deﬁned as themaximumof achieved
number of button presses in a trial during the test run.We then used this
information to standardize the cumulative gain to about €30 in the subse-
quent main run irrespective of inter-individual performance differences.
At the beginning of each trial, subjects were shown the reward
magnitude/level (0, 1, 10, and 100) which was represented by a block
with a red line placed inside (anticipation phase). The higher the position
of the red bar, the higher the reward level. Participants apart from visu-
ally attending each cue, only needed to stay still and do nothing during
this phase. The anticipation phase lasted for 3 s. A 2 s ﬁxation period
followed during which period subjects had to inhibit any button press
responses. If they failed to do so then the particular trialswere character-
ized as invalid due to prematuremotor response (button press). Thereaf-
ter, the motor response phase began during which subjects viewed an
image with an exclamation mark in the middle. This 3 s interval was
when participants had to respond by pressing a button; amount won
in the end solely depended on the number of button presses accom-
plished in this phase. Feedback phase then followed (3 s) which indicat-
ed not only the end of the trial but also the amount participants had
Fig. 1. Graphical representation of the effort-dependent instrumental-motivation task employed in this study and fMRI task effects in healthy controls (HCs) and disordered gamblers
(DGs).
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up to that trial. Participantswonhigher amounts ofmoney themore but-
ton presses they committed to. The reward per trial was deﬁned bymul-
tiplying the number of button presses in the trial by the reward level.
This means that the amount won at the end increased with higher effort
and reward level. An individual reward unit was created. The result then
was multiplied by the individual reward element using the following
equation: ru = Rc/bmax • ΣLi consisting of the standard cumulative
gain of €30 (Rc), the individual number of maximum button presses in
the test run (bmax), times the reward level (Li). In trials where the reward
level was 0, nomatter howmany button presses participants committed
to, the monetary gain never exceeded 0.
2.5. fMRI instrumental-response data analysis
We averaged the number of button presses for each trial type. We
subjected these means to repeated-measures analysis of variance
(ANOVA) 2 × 2 × 4 with group (HCs and DGs) and BDI (“high” and
“low”) as the between-subject factors and reward level (0, 1, 10 and
100) as the within-subject factor.
2.6. fMRI data acquisition
Scanning was performed using a 3 T whole-body Siemens scanner
(MAGNETOM Trio, TIM-technology; Siemens, Erlangen, Germany). We
used a tilted plane of acquisition (30° to the anterior commissure–
posterior commissure line, rostral N caudal) to reduce signal dropout
in orbitofrontal regions. Forty-two slices were acquired in a descend-
ing order (2 mm and an interslice gap of 1 mm) using a gradient-
echo T2*-weighted sequence (EPI) with an in-plane resolution of
64 × 64 pixels (FOV 192 × 192 mm) and with the following parame-
ters: TR = 2.41 s; TE = 0.025 s; α= 80°. Three hundred ninety-six
volumeswere acquired for each subject, covering the entire brain. Visu-
al stimuli were presented via magnetic resonance imaging audio/video
system goggles (Resonance Technology, Inc., Los Angeles, California). In
order to present the tasks and recordparticipants3 behavioral responses,
we used Presentation® software (Version 9.9, Neurobehavioral Sys-
tems, Inc, Albany, CA, USA).
2.7. fMRI data analysis
Preprocessing and statistical analysis of the neuroimaging data were
carried out using Statistical Parametric Mapping 8 (SPM; Wellcome
Trust Centre for Neuroimaging, London). The ﬁrst ﬁve images of eachdata set were discarded in order to reduce T1 saturation effects. Slice
time correctionwas performed in order tominimize temporal differences
in slice acquisition. All individual data were spatially realigned to correct
for head movement. The ﬁrst functional T2* image was normalized to a
standard EPI template (MNI brain) using a 12-parameter afﬁne transfor-
mation with additional non-linear components. The same non-linear
transformation was subsequently applied to all functional T2* data and
voxels were re-sampled at a resolution of 2 × 2 × 2 mm. The functional
datawere smoothed using an isotropic Gaussian kernel for group analysis
(8 mm full width at half maximum). Subjects with transformation
parameters N3mm and rotation N3° were removed from the analysis.
In addition, we inspected themask image of each subject and exclud-
ed those participants whosemask image did not have sufﬁcient brain
coverage.
First level statistics of the pre-processed fMRI data were conducted
by modeling the four monetary reward levels as explanatory variables
for the reward anticipation, motor response and feedback phase within
the context of the general linear model on a voxel-by-voxel basis. The
hemodynamic responses for the anticipation and feedback phase were
modeled as single events (delta functions) convolved with a synthetic
hemodynamic response function. The motor-response phase was
modeled as a short box-car function with a 3 s duration convolved with
a synthetic hemodynamic-response function. We chose this modeling
technique because we expected sustained activity for the motor-
response phase. This resulted in 12 regressors (4 conditions × 3
phases). Realignment parameters (6 in total) were also added to
the model. Individual contrast images modeling a parametric linear in-
crease in reward level during reward anticipation, motor responding
and feedback (contrast:−1.5,−0.5, 0.5, 1.5) were generated and sub-
sequently included in one-sample t-tests. A linear model was chosen
as it has been previously shown to be a good model ﬁt (Bühler et al.,
2010).
Individual brain activation contrast-maps for each task phase (re-
ward anticipation, motor responding and feedback) were entered to a
full factorial model in SPM8 with factors group (HCs and DGs) and BDI
(“low” and “high”). Main effect of group (DGs vs. HCs), interaction
effects (Group × BDI) as well as differences between BDI “high” and
“low” DGs as well as between BDI “high” and “low” HCs were assessed
for reward anticipation,motor responding and feedback. Formain effect
of group and interaction effectswe applied a threshold of p b .001whole
brain voxel-wise uncorrected (minimum cluster size of 20 adjacent
voxels). For planned contrasts between subgroups (DGs with “high”
vs. “low” BDI, HCs with “high” vs. “low” BDI) we used a p b .05 family-
wise error (FWE) whole brain corrected threshold (minimum cluster
247M. Fauth-Bühler et al. / NeuroImage: Clinical 6 (2014) 243–251size of 20 adjacent voxels). To identify the anatomical brain regions, we
used the Automated Anatomical Labelling (AAL) atlas (Tzourio-Mazoyer
et al., 2002).
3. Results
3.1. Behavioral-response data
The instrumental-response rates in the motivation task (i.e. the
number of button presses in themotor-response phase) increased as re-
ward levels increased (main effect of reward level;F(3, 495) = 415.14,
p b .001) indicating the motivation task to be working as expected.
We found no signiﬁcant differences between DGs and HCs (main effect
Group; [F(1, 165) = 2.85, p= .093]) and individuals with a “high” vs.
“low” BDI [main effect BDI; (F(1, 165)= .09, p= .767)] nor a signiﬁcant
interaction between the two factors [F(1, 165)= .04, p= .842]. For con-
trols and gamblers themean and standard deviations for button presses
for the different reward levels are presented in Table 2.
3.2. Psychometric data
A detailed description of demographic and clinical characteris-
tics of the groups assessed is provided in Table 1. We found no dif-
ferences in SUD (alcohol, nicotine, other) between the BDI “low”
and BDI “high” DGs [for smoking, χ2 (1, N = 80) = .87, p = .351;
for alcohol, χ2 (1, N = 80) = 0.61, p = .434; for other substances,
χ2 (1, N = 80) = 1.06, p = .304].
In DGs, BDI scores correlated signiﬁcantly with the mean number of
hours played per day (r = .41, p b .001), maximum number of hours
played per day (r = .37, p = .001), SOGS score (r = .21, p = .044),
YBOCS sum score (r = .48, p b .001), YBOCS thought score (r = .47,
p b .001), and YBOCS impulse score (r= .42, p b .001).
3.3. Functional imaging data
3.3.1. Task-related brain activity
To check that the task was working as expected, we assessed the
parametric inﬂuence of reward magnitude on anticipation, response
and feedback for both HCs and DGs. Task-related results were in line
with a previous ﬁnding of our research group using this task (Bühler
et al., 2010) (Fig. 1). Please also see supplementary material (see
Figs. S2 and S3a–c).
3.4. Group differences
To assess group differences in the full factorial model, we compared
the parametric inﬂuence of rewardmagnitude on anticipation, response
and feedback between HCs and DGs using a p = .001 uncorrected
threshold. We found no differences between the groups for reward an-
ticipation (no main effect of group or BDI and no interaction).Table 2
Number of button presses in themotor-response phase for HCs andDGswith low and high
BDIs.
BDI low mean ± SD BDI high mean ± SD Total mean ± SD
0 reward
HCs 6.4 ± 6.9 4.6 ± 5.8 5.4 ± 6.3
DGs 5.2 ± 5.1 5.4 ± 5.3 5.3 ± 5.2
1 reward
HCs 14.9 ± 5.5 15.1 ± 6 15.0 ± 5.7
DGs 13.6 ± 3.9 12.7 ± 6.7 13.1 ± 5.6
10 reward
HCs 17.7 ± 2.4 18.3 ± 2.8 18 ± 2.6
DGs 17.3 ± 2.2 17.1 ± 3.8 17.2 ± 3.1
100 reward
HCs 18.2 ± 2.4 19 ± 2.4 18.6 ± 2.4
DGs 18.3 ± 2.5 18.1 ± 3.7 18.2 ± 3.2For themotor response phasewe found a signiﬁcant interaction that
revealed clusters in the left olfactory gyrus and inferior frontal gyrus
[whole brain p = .001 uncorrected, k = 20; left olfactory (x = −2,
y = 22, z = –2) F = 16.63, k = 60; left inferior frontal (x = −26,
y=40, z= –8) F=13.81, k=49]. No differencewas foundwhen com-
paring “high” vs. “low” DGs for the motor response phase in post-hoc
comparisons using FWE correction. We also found no differences in
task-related brain-activity during motor responding for HCs with a
“high” and “low” BDI.
Brain activation during feedback phase revealed a signiﬁcant
Group × BDI interaction and a BDI main effect. The BDI main effect re-
vealed three clusters including the left insula [(x = −32, y = 6, z =
16) F = 17.10, k = 33], right insula [(x = 34, y = 2, z = 16) F =
15.73, k = 62] and right putamen [(x = 32, y = −12, z = 12) F =
14.08, k= 23] whereas the interaction showed greater brain BOLD re-
sponse revealing three clusters including the right insula and putamen
aswell as the inferior occipital gyrus [whole brain p=.001 uncorrected,
k= 20] (Fig. 2).
Pairwise comparisons were applied thereafter to determine which
group activations differed. We found that the interaction was driven
by the following pattern. BDI “high” DGs had signiﬁcantly higher brain
activation at feedback than the BDI “low” DGs in the insular cortex
(x=34, y=2, z=16, k=24, t=5.75, p= .010, FWE) and dorsal stri-
atum (x=26, y=−6, z= –8, k=14, t=5.55, p=.016, FWE) (Table 3,
Fig. 3). No brain area was signiﬁcantlymore activated for BDI “low”DGs
than for BDI “high” DGs.
In a secondmodel, gambling severity (SOGS) was included as covar-
iate in the group comparison of BDI “high” versus BDI “low” DG groups
to assesswhich of the groupdifferences in brain activity survive control-
ling for differences in severity of gambling addiction (SOGS). The same
pattern of brain activation was found with two signiﬁcant clusters
(whole brain, p b .05, FWE) on the right insula cortex (x = 36, y = 0,
z= 18, k= 27, t= 5.94, p= .008) and right dorsal striatum (x= 26,
y=−6, z= –8, k=11, t=5.48, p= .019). Analysis was also repeated
using FTND as covariate for the same group comparison (DG BDI “high”
vs. BDI “low” groups). Results conﬁrmed the same ﬁnding for whole
brain (FWE p b .05; insula x = 36, y = 0, z = 18, t = 5.71, p = .015,
k= 15 and DS x= 26, y=−6, z= –8, t= 5.62, p= .016, k= 14).4. Discussion
We examined differences in effort-dependent monetary reward
processing in a large group of disordered gamblers (DGs) and healthy
controls (HCs) using an instrumental-motivation task without any
gambling-like features (i.e. the task involved no chance or uncertainty).
We found no brain activation differences for the anticipation, motor re-
sponse and feedback phases between DGs and HCs. Response rates in
the motor response phase of the task did not differ signiﬁcantly be-
tween groups either.
Using primarily gambling-related tasks or tasks involving some sort
of uncertainty about monetary outcome previous fMRI studies found
signiﬁcantly diminished DGs3 fronto-striatal activation compared to
HCs3 for both unpredictable monetary gains and losses (e.g. Balodis
et al., 2012; de Ruiter et al., 2009). Ventromedial activation has also
been found to be reduced when participants were given positive rein-
forcement for their correct responses (monetary gain) and punished
for giving incorrect answers (monetary loss) on a probabilistic reversal
task (e.g. de Ruiter et al., 2009). By contrast, fMRI studies that varied the
amount of risk involved (e.g. Miedl et al., 2010) or used tasks with dif-
ferent probabilities of winning or losing varying amounts of money
(e.g. van Holst et al., 2012b) have found increased activity in the
mesocorticolimbic brain regions. To explain these seemingly contradic-
tory ﬁndings it has been suggested that under most conditions problem
gamblers are characterized by a hypo-responsive reward circuitry.
However, highly salient cues or reward anticipation could lead to
Fig. 2. Group × BDI interaction for brain activation during monetary feedback in the instrumental-motivation task.
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tivation (e.g. van Holst et al., 2012a).
Our results in a large group of patients and controls extend these
previous ﬁndings by showing that although monetary reward process-
ingwith uncertainty or risk elements (e.g. delay, outcome probabilities)
is altered in DG, no differences in effort-related monetary reward pro-
cessing become obvious in the patient group compared to HCs. Outside
a gambling context, effort-related aspects of monetarymotivation seem
not to be altered in DG. Given that we found no differences in cue-
induced brain activity our results suggest that incentive salience of
monetary cues is not increased inDGs. Additionally, DGs shownodiffer-
ences toHCs on thebrain and on thebehavioral level (button presses) in
the motor response phase. The evaluation of monetary feedback was
also comparable between groups. In summary all phases of monetary
reward processing were comparable when receipt of reward purely
depended on effort with no chance or gambling-like elements present.Table 3
Feedback-related brain activity in response to monetary reward during the instrumental-
motivation task: DGs with “high” BDI versus DGs with “low” BDI.
Local maximum
Brain area Side Cluster size MNI t-Value
x y z
Insula R 25 34 2 16 5.75
Dorsal striatum
(putamen)
R 14 26 −6 −8 5.51
p b .05 (FWE) whole brain; MNI: Montreal Neurological Institute; R: right.Taking into account that DGs are a heterogeneous groupwho vary in
their presentation of comorbid psychopathology (Milosevic et al., 2010;
Blaszczynski and Nower, 2002), we also assessed the association be-
tween monetary reward processing in DGs and depressive mood state.
We compared “low” vs. “high” scores on the BDI in DGs and HCs after
performing a median split. Results indicated a difference speciﬁc to
the right insula and dorsal striatum regions. Patients with higher BDI
scores compared to those with “low” BDI scores exhibited greater
right insula and dorsal striatumactivity during feedback ofmonetary re-
ward. Severity of gambling addiction and nicotine dependence did not
affect these group differences. No difference was found for HCs with a
“high” vs. “low” BDI.
As part of the mesolimbic reward system the dorsal striatum is
relevant for decision-making by selecting and initiating actions through
integration of motivational/emotional, cognitive and sensorimotor in-
formation (Koob et al., 2010). A growing body of evidence from animal
aswell as human studies suggests the dorsal part of the striatum to play
a role in habitual responding and in initiating automatic stimulus-
response tendencies (Everitt and Robbins, 2005; Vollstädt-Klein et al.,
2010). Increased dorsal striatal activity in the BDI “high” compared to
the BDI “low” DG groups might represent a tendency to continue with
gambling following monetary reward (Everitt and Robbins, 2013).
The anterior insula cortex is known to be associated with intercep-
tion of bodily states including conscious emotional feelings and drug
urges (Critchley et al., 2004; Damasio et al., 2000). Neuroimaging stud-
ies in the addiction ﬁeld have provided evidence of the insula3s associa-
tionwith craving and drug urges (Naqvi et al., 2009). The insula is one of
the brain areas activated when exposed to different drug related cues
(i.e. alcohol, nicotine, opiates, or cocaine) (Garavan et al., 2000) and
Fig. 3. Feedback-related brain activity in DGs with “high” BDI versus DGs with “low” BDI.
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Moreover, smokers with damage in this particular region due to stroke
reported less subjective nicotine craving and were more likely to quit
smoking (Naqvi et al., 2007). In a recent and well-designed study
(Clark et al., 2014), the role of the insula in gambling has been highlight-
ed in a way that distorted cognitive processing of near-miss outcomes
seems to involve the insula. Increased activation in the anterior part of
the insular cortex in the present study could highlight the importance
of this particular region for comorbid psychiatric conditions such as a de-
pressed mood state. When it comes to depression, research suggests vol-
umetric alterations in this region in depressed individuals (Takahashi
et al., 2010). In linewith thiswe speculate that the observed insula activa-
tion in the DG BDI “high” group might also reﬂect a morphological insula
alteration that forms thebasis of the functional activationwe see. Interest-
ingly recent ﬁndings even go as far as to suggest that the insulametabolic
rate in depressed individuals distinguishes thosepatientswhowill beneﬁt
frommedication treatment and thosewhowill only beneﬁt frompsycho-
therapy for the same condition (McGarth et al., 2013). Future studies have
to explore whether increased activity in the insula cortex for gamblers
with higher BDI score might be an indication that those individuals
could potentially beneﬁt more from pharmacological treatment for their
condition.
Finally, our results revealed that DGswithmore pronounced depres-
sive symptoms are more severely dependent, spend more time gam-
bling and experience more gambling-related craving. This is in line
with previous ﬁndings, indicating that depressive symptoms in DGs pre-
dict both gambling urges and duration of gambling (Romer-Thomsen
et al., 2009). Whether excessive gambling is applied by these patients as
a kind of self-medication to relieve depressive symptoms or whether de-
pressive symptoms are a consequence of excessive gambling and associ-
ated problems remains an open question. Available retrospective datasuggest that depressive symptoms precede the onset of GD (Kessler
et al., 2008). Excessive gambling might therefore be a strategy used to
overcome a preexisting anhedonic state.
One limitation of the present study is the restriction of its sample to
male participants. No conclusions can thus be drawn from our data
concerning female gamblers. Moreover, although the median split was
helpful in investigating the differences in gamblers with “high” and
“low” depressive symptoms, future investigations should extend those
ﬁndings and the design of this study by including an additional control
sample with elevated depressive symptoms (i.e. high BDI scores). Fur-
thermore we would like to mention that for the motor response FWE
correction in the post-hoc test did not lead to signiﬁcant differences.
Lowering the statistical threshold to .001 uncorrected we found that
DG with higher BDI scores hypo-activated in the inferior frontal gyrus
and the right superior temporal gyrus. With regard to the inferior fron-
tal gyrus we could argue that DGs with “high” BDI compared to DGs
with “low” BDI are characterized by reduced inhibition. For this reason
they might be less risk averse and more prone to engage in risky situa-
tions (Christopoulos et al., 2009). We think though that any interpreta-
tion of that ﬁnding would be too speculative considering that the
threshold applied for the post-hoc comparison is low.
4.1. Conclusion
No differences in monetary reward processing between HCs and
DGs were found using an instrumental-motivation task with no chance
(gambling-like) elements during fMRI. Our result suggests that effort-
related aspects of monetary motivation are not altered in DG, when
monetary output is tied to performance.
Notably, DGs with higher compared to those with lower BDI scores
exhibited greater brain activity in the insula and dorsal striatum, regions
250 M. Fauth-Bühler et al. / NeuroImage: Clinical 6 (2014) 243–251often associated with craving and addiction in general, while no differ-
ences were observed for HCs with higher versus lower BDI. Given our
ﬁnding of a relationship between BDI scores and insula and dorsal stri-
atum activity during effort-related monetary reward processing, future
neuroimaging studies need to take into account the potential impact of
comorbid depressive symptoms in GD.
Our results highlight the need for subgroup comparisons in future
investigations of the disorder as well as the development and efﬁcacy
testing of subgroup speciﬁc treatment approaches as part of a personal-
ized medicine approach.
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